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Neutrophils are the predominant inflammatory cells found in the vaginal discharges of patients with
Trichomonas vaginalis infection. We have investigated the possible role of interleukin-8 (IL-8) in the inflam-
matory response elicited by T. vaginalis infection. This study has shown that T. vaginalis induces blood
monocytes to produce large amounts of bioactive IL-8, mainly by membrane components of T. vaginalis (MTV).
Monocyte-derived IL-8 induced by MTV was dose and time dependent. The peak level of IL-8 was 102 6 11
ng/ml of conditioned media (mean 6 standard error; n 5 5) obtained from MTV-stimulated monocytes
(MTVCM) at 36 h of cultivation. With a multichamber chemotactic assay, we found an optimal neutrophil
chemotaxis (1776 14 migrated cells) induced by MTVCM collected at 16 h of cultivation when the level of IL-8
was 42 6 8 ng/ml. A neutralizing monoclonal antibody directed against IL-8, but not the irrelevant antibodies,
significantly blocked the neutrophil chemotactic activity (decreased from 153 6 6 to 23 6 3 migrated cells;
n 5 3 [P < 0.001]) induced by MTVCM. Moreover, the maximum increase of the IL-8 mRNA level from
MTV-treated monocytes was observed after a 5-h cultivation and decreased thereafter. Monocytes cocultured
with MTV in the presence of a neutralizing monoclonal antibody directed against tumor necrosis factor alpha,
but not against IL-1b, decreased IL-8 production by 25% (P < 0.05), indicating that the release of IL-8 in
MTV-stimulated monocytes is partially dependent on tumor necrosis factor alpha. The capacity of MTV-
induced monocytes to synthesize IL-8 suggests that these cells can contribute to the induction of the acute
inflammatory response seen in T. vaginalis infection.

Trichomoniasis is one of the major sexually transmitted dis-
ease in humans. A prominent cytological change observed in
trichomoniasis is the infiltration of leukocytes, particularly
neutrophils (16). Although the mechanisms of leukocyte infil-
tration are not fully understood, it is generally believed that an
important role is played by chemoattractants generated at the
reaction sites. Of the known chemoattractants involved in the
inflammatory response of Trichomonas vaginalis infection,
complement components have been documented to play a role
in the activation of neutrophils against this organism (27, 30).
Since T. vaginalis interacts with leukocytes in the inflammatory
response, it is rationally presumed that leukocyte-derived che-
moattractants may be generated during T. vaginalis infection.
We have found high levels of interleukin-8 (IL-8) and leukot-
riene B4 (LTB4) in vaginal discharges from patients with symp-
tomatic trichomoniasis (31, 34). The presence of LTB4 in vag-
inal discharges from patients with trichomoniasis could be due
to the spontaneous release of LTB4 from T. vaginalis (33)
and/or from neutrophils induced by the interaction of
trichomonads and humoral immunity (32). Recent studies have
indicated that IL-8, a novel chemotactic and activating cyto-
kine with high selectivity for neutrophils (5), enhances the
antimicrobial activities of neutrophils by inducing neutrophil
degranulation, respiratory burst, and 5-lipoxygenase activity
(14, 23, 26, 28). In this study, the cellular and molecular mech-
anism for monocyte-derived IL-8 production by T. vaginalis
was elucidated. Results from this study could provide a more
comprehensive understanding of the immunopathogenesis of
T. vaginalis infection.

MATERIALS AND METHODS

Organisms. Several local isolates of T. vaginalis, axenically cultivated, were
maintained in a modified medium identical to the TYI-S-33 medium of Diamond
et al. (13), except that 0.5% Panmede (Paines & Byrne Limited, Greenford,
England) was added. The number of organisms per culture was determined with
a Coulter Counter (model D industrial; Coulter Electronics, Inc., Hialeah, Fla.)
with a 70-mm-aperture tube.
Preparation of trichomonad components. (i) T. vaginalis secretory compo-

nents (STV). Trichomonads harvested at the logarithmic phase were washed
twice with phosphate-buffered saline (PBS; pH 7.3), resuspended in Hanks’
balanced salt solution at 107 organisms per ml, and incubated at 378C for 1 h.
Parasites were sedimented by light centrifugation, and the supernatant (STV)
was collected and filter sterilized (0.22-mm pore size; Minisart [Sartorius, Goet-
tingen, Germany]). After concentration by cryocentrifugation and dialysis
against PBS, the protein concentration was quantitated and adjusted to 5 mg/ml
by the Bradford protein assay (Bio-Rad, Hercules, Calif.).
(ii) T. vaginalis membrane components (MTV). The membrane fraction of

trichomonads was extracted by a modification of a method described previously
(3). Briefly, the sedimented organisms from the preparation described above
were homogenized in Tris-lysing buffer containing 1 mM EDTA (Sigma Chem-
ical Co., St. Louis, Mo.), 1 mM EGTA [ethylene glycol bis(b-aminoethyl ether)-
N,N,N9,N9-tetraacetic acid; Sigma], and 1 mM phenylmethylsulfonyl fluoride
(Sigma) by 20 strokes of a glass Dounce homogenizer and centrifuged at 1,0003
g for 10 min. Supernatants were collected and centrifuged at 50,000 3 g for 30
min with an 80 Ti rotor in an ultracentrifuge (model L8-80M; Beckman Instru-
ments, Inc., Fullerton, Calif.). Pellets were collected and resuspended in lysing
buffer containing 1.5% n-octyl glucoside (Sigma), sonicated at 20 kHz with three
15-s intervals, and then centrifuged at 10,000 3 g for 30 min. Supernatants were
collected, dialyzed against PBS, and filter sterilized. The protein concentration
was adjusted to 5 mg/ml.
(iii) T. vaginalis whole parasites (WTV). The whole trichomonads were pre-

pared by three washes of T. vaginalis with PBS and resuspended in serum-free
macrophage culture medium (Life Technologies, Gibco-BRL, Gaithersburg,
Md.) at 107 trichomonads per ml.
Preparation of monocytes and neutrophils.Venous blood from healthy donors

was drawn into plastic syringes containing 10 IU of heparin per ml. Dextran
(4.5% [wt/vol]; T500 [Pharmacia, Uppsala, Sweden]) was added at a ratio of 1:5,
and the syringe was incubated nozzle upward at 378C for 30 min. The upper
fraction of leukocyte-enriched plasma was then layered onto Ficoll-Paque (Phar-
macia) at a ratio of 2:1 and centrifuged at 1,500 3 g for 10 min. The separation
of monocytes from the mononuclear leukocytes (107 cells per ml) at the interface
of plasma and Ficoll-Paque was performed by discontinuous Percoll density
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gradient centrifugation (4). Monocytes were washed twice with RPMI 1640
medium (Gibco-BRL). Finally, the monocyte suspension was adjusted to 106

cells per ml of serum-free macrophage culture medium (Gibco-BRL). Cells were
.95% viable, as determined by trypan blue exclusion, and consisted of .90%
monocytes, as assessed by Giemsa stain and nonspecific esterase staining. Pellets
at the bottom of the centrifuge tubes were washed, and residual erythrocytes
were lysed by distilled-water treatment for 15 s. This hypotonic shock was
stopped by adding an equal volume of 1.8% sodium chloride solution. Cells were
finally suspended to 107 cells per ml in Hanks’ balanced salt solution. By this
method, the purity and viability of neutrophils consistently exceeded 95 and 98%,
respectively.
Preparation of conditioned media. Cultivation of monocytes (106/ml) with

various concentrations of STV, MTV, and WTV was carried out in Teflon
containers (5 by 5 cm; Savillex, Minneapolis, Minn.). At different time intervals,
culture supernatants were collected, filter sterilized, and aliquoted. The super-
natants harvested from STV-, MTV-, and WTV-stimulated cultures were re-
ferred as STVCM, MTVCM, and WTVCM, respectively. Membrane fractions
from Pentatrichomonas hominis (ATCC 30098) and human mononuclear leuko-
cytes were prepared as described in the previous section and included as controls.
Conditioned medium from cell culture without stimulation (CCM) was used as
a negative control. In some experiments, monoclonal antibodies directed against
tumor necrosis factor alpha (TNF-a) and IL-1b were added to monocyte cultures
to determine their effects on IL-8 production. Aliquots of STV, MTV, and WTV
were checked for endotoxin contamination by Limulus amebocyte lysate assay
(Pyrogent Plus; Bio-Whittaker, Walkersville, Md.). Both lipopolysaccharides
(LPS; Escherichia coli O111:B4 [Sigma]) and polymyxin B (10 mg/ml; Sigma)
were used for examination of the endotoxin effect. All of the procedures de-
scribed above were carried out in sterile conditions and with reagents prepared
with endotoxin-free water for clinical use.
Chemotactic assay. Chemotaxis was assessed in a 48-well microchemotaxis

chamber (Neuro Probe, Inc., Cabin John, Md.) by a method described previously
(33). Various concentrations of STVCM, MTVCM, WTVCM, and CCM were
tested for the chemotactic activity by neutrophils. Serum-free macrophage cul-
ture medium was used as a negative control. Recombinant human IL-8 (rhIL-8,
10 nM; R&D Systems, Minneapolis, Minn.), N-formylmethionylleucyl phenylal-
anine (FMLP, 10 nM; Sigma), and LTB4 (10 nM; Amersham, Buckinghamshire,
England) were used as positive controls. In some experiments, conditioned
media were heated at 568C for 60 min or deproteinized by enzymatic digestion
with 50 mg of proteinase K (Boehringer GmbH, Mannheim, Germany) per ml at
568C for 60 min. Pretreatments of conditioned media with a neutralizing mono-
clonal anti-human IL-8 antibody (mouse immunoglobulin G1 [IgG1]; R&D
Systems) or irrelevant control monoclonal antibodies (anti-human IL-1b, anti-
human TNF-a, and anti-human granulocyte-macrophage colony-stimulating fac-
tor [GM-CSF], all mouse IgG1s; R&D Systems) were carried out at 48C for 30
min. Migrated cells were counted in five random high-power fields (magnifica-
tion, 3400) per well, and the results were expressed as the mean number of cells
in five high-power fields per triplicate well.
ELISA for cytokines. Levels of IL-8, IL-1b, and TNF-a in STVCM, MTVCM,

WTVCM, and CCM were determined with commercialized enzyme-linked im-
munosorbent assay (ELISA) kits (Quantikine; R&D Systems). This sandwich
ELISA recognized only the individual cytokine tested and exhibited no detect-
able cross-reactivity to other cytokines tested, according to the manufacturer’s
description. Sensitivities of ELISA for IL-8, IL-1b, and TNF-a were 30, 0.3, and
4.4 pg/ml, respectively. For the determination of IL-8 in culture media, for
example, a murine monoclonal antibody directed against IL-8 was used as the
capturing antibody, while horseradish peroxidase-conjugated polyclonal antibody
directed against IL-8 was used as the detecting antibody. A colorimetric reaction
was started by adding a mixture of hydrogen peroxide and chromogen (tetram-
ethyl benzidine). The reaction was terminated by adding 2 N sulfuric acid.
Results were read at 450 nm with a correction wavelength at 570 nm.
RNA preparation and Northern (RNA) blot analysis. Total cellular RNA from

monocytes (5 3 106) was extracted by use of acid guanidinium thiocyanate-
phenol-chloroform as described previously (9). Twenty micrograms of total RNA
was size fractionated by Northern blot analysis with formaldehyde–1% agarose
gels, transferred onto nitrocellulose filters, baked, prehybridized, and hybridized
to one of the following digoxigenin (digoxigenin-dUTP; Boehringer)-labeled
cDNA probes: (i) the 0.6-kb EcoRI insert of human IL-8 cDNA purified from
plasmid pUC19 (21) or (ii) the 1.25-kb PstI insert of human glyceraldehyde-3-
phosphate dehydrogenase cDNA purified from plasmid pIBI30 (39). Hybridiza-
tion was performed at 428C for 16 h in a solution containing 50% (vol/vol)
formamide, 23 SSC (13 SSC is 0.15 M sodium chloride plus 0.015 M sodium
citrate), 13Denhardt’s solution, 0.1% sodium dodecyl sulfate (SDS), and 200 mg
of salmon sperm DNA per ml (37). Filters were washed three times in 23
SSC–0.1% SDS at room temperature for 30 min and twice in 0.13 SSC–0.1%
SDS at 688C for 15 min. After blocking, filters were treated with a 1:10,000
dilution of anti-digoxigenin antibody conjugated with alkaline phosphatase
(Boehringer) at room temperature for 30 min and then washed three times for
15 min each time. The substrate Lumigen PPD [4-methoxy-4-(3-phosphatephe-
nyl)spiro-(1,2-dioxetane-3,29-adamantane); Boehringer GmbH], in the presence
of basic buffer, was used to react with alkaline phosphatase and generate light via
an unstable intermediate, which can be documented on X-ray film. The damp
filters were sealed in a hybridization bag, and the sealed filters were preincubated

for 15 min at 378C. The sealed filters were then exposed to X-ray film for 30 min
at room temperature. Quantitation of the chemiluminescence exposure was
performed with a Phosphorimager (Molecular Dynamics, Sunnyvale, Calif.).
mRNA stability analysis. The rate of IL-8 mRNA decay from LPS- and

MTV-stimulated monocytes was determined by mRNA decay analysis. Mono-
cytes were treated with LPS (10 mg/ml) or MTV (50 mg/ml), RNA synthesis was
blocked by adding actinomycin D (Sigma) after 2 h in culture, and then total
cellular RNA was isolated at 0.5, 1, 2, 3, and 4 h after the addition of actinomycin
D (10 mg/ml). Duplicate stimulated cell samples were tested in the absence of
actinomycin D. Northern blot analysis was then performed, and the decay of
mRNA was determined with a Molecular Dynamics Phosphorimager.
Statistical analysis.Data are expressed as means6 standard errors (SEs). The

statistical evaluation of the data was performed with Student’s t test for paired
data and considered significant if P was ,0.05.

RESULTS

Effect of T. vaginalis components on the production of neu-
trophil chemoattractants by monocytes. Human blood mono-
cytes (106/ml) were incubated with a variety of trichomonad
components (STV [50 mg/ml], MTV [50 mg/ml], and WTV [106

trichomonads per ml]), and the respective conditioned media
(STVCM, MTVCM, and WTVCM) were collected at different
time intervals. The dosages used for stimulation of monocytes
were optimized to produce a maximum effect as determined by
neutrophil chemotaxis (data not shown). Figure 1A clearly
shows that both STVCM and WTVCM induce neutrophil che-
motaxis in similar patterns, at levels which appear significantly
lower than that induced by MTVCM (P , 0.01). A significant
increase of IL-8 in MTVCM was noted at 4 h of cultivation
(12 6 3 ng/ml, n 5 5) and progressively reached the maximum
level by 36 h (102 6 11 ng/ml) (Fig. 1B). After a 16-h cultiva-
tion, the level of IL-8 in MTVCM was 42 6 8 ng/ml, and the
maximum neutrophil chemotaxis (1776 14 migrated cells, n5
5) was observed (Fig. 1A). With rhIL-8 as a standard control,
at the range of 1 to 40 ng/ml, IL-8 induced neutrophil chemo-
taxis in a dose-dependent manner, while at a level over 40
ng/ml, neutrophil chemotaxis reached a plateau (Fig. 2A). For
STVCM and WTVCM, the maximum amount of IL-8 detected
was in the range of 20 to 30 ng/ml throughout the period of
cultivation. IL-8 in CCM was consistently at a low level (,3
ng/ml) during the period of monocyte culture (Fig. 1B).
Neutrophil chemotactic activity in MTV. Because MTVCM

is largely responsible for neutrophil chemotaxis, MTVCM has
been used for further investigation throughout this study. Our
preliminary study revealed that each batch of MTV prepara-
tion (from seven isolates) itself did not affect leukocyte viability
and motility. At the protein level of 50 mg/ml, MTV had an
optimal effect on the production of IL-8 by monocytes (Fig.
2B). The neutrophil chemotaxis induced by MTVCM was in
parallel with the production of IL-8 by monocytes stimulated
with MTV. When the level of IL-8 in MTVCM was in the
range of 10 to 40 ng/ml, MTVCM induced neutrophil chemo-
taxis in a dose-dependent manner. Checkerboard analysis was
performed to determine whether the increased migration of
neutrophils in response to MTVCM was due to increased
random migration (chemokinesis) or chemotaxis. The results
suggest that MTVCM enhances neutrophil migration by che-
motaxis rather than chemokinesis (Table 1). Heat treatment of
MTVCM (568C, 60 min) did not diminish the neutrophil che-
motaxis, but proteinase K treatment (50 mg/ml, 568C, 60 min)
eliminated the neutrophil chemotaxis induced by MTVCM
(Table 2).
To exclude the possibility of simple release of the preformed

IL-8 from human monocytes by damaging monocytes with
MTV, cell viability was assessed by trypan blue exclusion at
different time intervals. Viable cells in a range of 90 to 95%
were observed throughout the time of cultivation. The mem-
brane fraction of human mononuclear leukocytes did not in-
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duce IL-8 production by monocytes, while that of both T.
vaginalis and P. hominis stimulated monocytes to produce a
large amount of bioactive IL-8 (Fig. 3A). This suggests that
membrane components inducing IL-8 production from mono-
cytes are of parasite rather than host origin.
The levels of endotoxins in each batch of membrane com-

ponents and culture medium were less than 10 pg/ml, as
checked by Limulus assay. Moreover, we found that polymyxin
B, at 10 mg/ml, completely inhibited the generation of IL-8
from monocytes by LPS at 100 ng/ml (Fig. 3A). Neither the
IL-8 level nor the neutrophil chemotactic activity in MTVCM
is affected by the addition of polymyxin B to the monocyte
cultures (Fig. 3). Therefore, it appears unlikely that the minute

amount of endotoxin contamination in the MTV preparation
may contribute to IL-8 production by monocytes in this study.
Neither IL-1b nor TNF-a was detected in supernatants from

controlled monocyte cultures. However, TNF-a, but not IL-1b,
could be detected in a range of 50 to 100 pg/ml throughout the
period of monocyte culture with MTV (data not shown). Cul-
tivation of monocytes with MTV in the presence of a neutral-
izing monoclonal anti-TNF-a antibody (5 mg/ml), but not anti-
IL-1b, decreased IL-8 production by 25% (P, 0.05) (Table 3).
The effect of TNF-a on IL-8 production by monocytes was
therefore determined. The addition of a minute amount of
TNF-a (100 pg/ml) to monocyte cultures slightly enhanced
IL-8 production compared with that of nontreated controls
(3.2 6 0.3 versus 2.2 6 0.2 ng/ml, n 5 3, P , 0.05). The

FIG. 1. Effect of trichomonad components on the production of neutrophil
chemotactic activity (A) and IL-8 (B) by monocytes. A significant increase of
IL-8 in MTVCM was found at 4 h of cultivation (12 6 3 ng/ml) and reached a
plateau by 36 h (102 6 11 ng/ml). After a 16-h cultivation, the level of IL-8 in
MTVCM was 42 6 8 ng/ml, and maximum neutrophil chemotaxis (177 6 14
migrated cells, n 5 5) was observed. For STVCM and WTVCM, the maximum
amount of IL-8 detected was in the range of 20 to 30 ng/ml throughout the period
of cultivation.

FIG. 2. (A) Induction of neutrophil chemotaxis by IL-8. With rhIL-8 as a
standard control, in the range of 1 to 40 ng/ml, IL-8 induced neutrophil chemo-
taxis in a dose-dependent manner; at a level over 40 ng/ml, IL-8 induced neu-
trophil chemotaxis to its maximum. (B) Dose effect of MTV on the production
of IL-8 by monocytes. Maximum production of IL-8 was observed when mono-
cytes were stimulated with MTV at a protein level of 50 mg/ml after a 16-h
cultivation.
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increase of TNF-a from 1 to 10 ng/ml in monocyte cultures was
proportional to the augmentation of IL-8 production (from 6.2
6 0.5 to 13.8 6 0.6 ng/ml). Moreover, a large amount of
exogenous TNF-a (20 ng/ml) added to monocyte cultures with
MTV markedly increased IL-8 production (Table 3). Never-
theless, monoclonal antibody directed against TNF-a (5 mg/
ml) completely blocked the IL-8 response of monocytes to
TNF-a (20 ng/ml) added to the cultures (Table 3).
Effect of anti-IL-8 monoclonal antibodies on MTVCM-in-

duced neutrophil chemotaxis. To determine whether IL-8 in
MTVCM is the factor responsible for neutrophil chemotaxis,
we used a panel of monoclonal antibodies, directed against
IL-8, GM-CSF, IL-1b, and TNF-a, respectively, to evaluate
their neutralizing effects on neutrophil chemotaxis induced by
MTVCM (Table 4). A monoclonal antibody directed against
IL-8 (IgG1) at the level of 5 mg/ml almost completely abolished
the neutrophil chemotaxis induced by MTVCM, while other
monoclonal antibodies (directed against GM-CSF, IL-1b, or
TNF-a [all IgG1]) did not work. Even with rhIL-8 used as a
positive control (80 ng/ml [10 nM]), neutrophil chemotaxis was
entirely reversed by monoclonal anti-IL-8 antibody treatment.
Furthermore, monoclonal antibody directed against IL-8 did
not affect neutrophil chemotaxis induced by LTB4 (10 nM) or
FMLP (10 nM). This indicates that IL-8 is the responsible
factor contributing to neutrophil chemotaxis induced by
MTVCM.
IL-8 gene expression by human monocytes stimulated with

MTV.Monocytes showed low levels of IL-8 gene expression in
the control state, but after a 3-h cultivation with MTV (50
mg/ml), monocytes showed a marked increase in the levels of
IL-8 gene expression (Fig. 4A). IL-8 gene expression peaked at
5 h of cultivation with MTV and decreased thereafter. In

contrast, LPS-induced monocyte IL-8 mRNA expression was
persistently high at 24 h of cultivation (Fig. 4B). The induction
of IL-8 mRNA was paralleled by a dose-dependent increase in
the expression of IL-8 protein (data not shown). To assess
whether the induction of IL-8 mRNA by MTV was dependent
on de novo protein synthesis, MTV-treated monocytes were
incubated in the presence or absence of the protein synthesis
inhibitor cycloheximide (5 mg/ml; Sigma), and total RNA was
extracted after a 4-h cultivation. As shown in Fig. 5, treatment
of monocytes with cycloheximide alone resulted in modest
superinduction of IL-8 mRNA expression. Treatment of mono-
cytes with MTV resulted in upregulation of IL-8 mRNA com-
pared with that of the control, with substantial superinduction
(50% increase) of IL-8 mRNA observed after concomitant
treatment with cycloheximide. On the other hand, in the case
of LPS-stimulated monocytes, no superinduction of IL-8
mRNA expression could be found (Fig. 5). To assess whether
differences in the regulation of IL-8 mRNA induced by MTV
and LPS were attributable to differences in mRNA stability,
we performed mRNA stability studies. The half-life of IL-8

FIG. 3. IL-8 production by monocytes (A) and their induction of neutrophil
chemotaxis (B) in the presence of various stimuli. MTV (50 mg/ml) and mem-
brane components from P. hominis (MPH; 50 mg/ml) and mononuclear leuko-
cytes (MMNL; 50 mg/ml) themselves were used as controls and had no chemo-
tactic activities. The concentrations of LPS and polymyxin B used were 100 ng/ml
and 10 mg/ml, respectively. Neither the IL-8 level nor the neutrophil chemotactic
activity in MTV and P. hominis membrane component-conditioned media was
affected by the addition of polymyxin B to the monocyte cultures, while both in
LPS-conditioned medium were almost completely inhibited by the presence of
polymyxin B.

TABLE 1. Checkboard analysis of neutrophil
chemotaxis by MTVCM

MTVCM concn
(%) in bottom
chamber

No. of neutrophils that migrated through filters at
MTVCM concn in top chamber of a:

0%b 10% 25% 50% 100%

0 18 6 7* 23 6 5 25 6 7 24 6 5 26 6 3
10 25 6 6** 27 6 8
25 41 6 7† 28 6 8
50 95 6 6‡ 27 6 5
100 156 6 5§ 29 6 4

a The MTVCM used was taken at 16 h of cultivation. Data represent means 6
SEs of three separate experiments performed in triplicate.
b * versus **, not significant; ** versus †, P , 0.05; † versus ‡, P , 0.001; ‡

versus §, P , 0.001.

TABLE 2. Effect of heat and proteinase K on neutrophil
chemotaxis by MTVCM

Chemo-
attractanta

Neutrophil chemotaxis (no. of cells that migrated)
induced by MTVCM pretreated withb:

Nothing Heatc Proteinase Kd

CCM 35 6 6 41 6 8 0
MTVCM 169 6 5 179 6 7 0
IL-8 (10 nM) 188 6 10 174 6 16 0
LTB4 (10 nM) 121 6 14 118 6 8 114 6 9

a The CCM and MTVCM used were taken at 16 h of cultivation.
b Data represent means 6 SEs of two separate experiments performed in

duplicate.
cMTVCM was pretreated by heating at 568C for 60 min.
dMTVCM was pretreated with proteinase K (50 mg/ml) at 568C for 60 min.
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mRNA from monocytes treated with LPS was 3.3 6 0.4 h.
However, treatment of monocytes with MTV resulted in an
IL-8 mRNA half-life of 1.5 6 0.2 h (n 5 3, P , 0.05), repre-
senting an approximately 55% reduction in the half-life of IL-8
mRNA compared with that observed after LPS stimulation
(Fig. 6).

DISCUSSION
The present study has clearly shown that MTV is a novel

inducer responsible for IL-8 generation from monocytes inter-
acting with T. vaginalis. Evidence for IL-8 production includes
the following: (i) it was identified in a ELISA specific for IL-8;
(ii) its chemotactic activity was blocked by a neutralizing
monoclonal antibody directed against IL-8 and not an irrele-
vant antibody; and (iii) IL-8 mRNA expression in MTV-
treated monocytes was dose and time dependent.
The nature of components in MTV responsible for the in-

duction of IL-8 by monocytes has not been characterized, but
the possible contamination of endotoxin was excluded on the
basis of the following evidence: (i) trichomonads were cultured
without contamination of bacteria or other microorganisms;
(ii) levels of endotoxin in each batch of MTV or culture me-
dium were less than 10 pg/ml, as checked by Limulus assay; and
(iii) the endotoxin antagonist polymyxin B, an inhibitor of
LPS-mediated cytokine production, did not affect MTV-in-
duced IL-8 production. This suggests that the induction of IL-8
production could be ascribed mainly to MTV and not to po-

tential contaminants consisting of minute amounts of endo-
toxin.
Although T. vaginalis and P. hominis infect hosts at different

anatomical sites, both species have similar antigenic composi-
tions (18). The finding that membrane components of both T.
vaginalis and P. hominis can stimulate monocytes to generate
bioactive IL-8 suggests that T. vaginalis may have some com-

FIG. 4. Time-dependent IL-8 mRNA expression from MTV-treated (A) and
LPS-treated (B) monocytes. Upper panels, chemiluminescence exposure of the
Northern blot for IL-8 mRNA; middle panels, densitometry of the chemilumi-
nescence exposure; lower panels, chemiluminescence exposure of the Northern
blot for glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA as an
internal control. Expression of IL-8 mRNA in MTV-treated monocytes reached
the maximum at 5 h of cultivation and decreased thereafter.

FIG. 5. Effect of cycloheximide (CHX) on the expression of IL-8 mRNA in
MTV- and LPS-treated monocytes. Upper panel, chemiluminescence exposure
of the Northern blot for IL-8 mRNA; middle panel, densitometry of the chemi-
luminescence exposure; lower panel, chemiluminescence exposure of the North-
ern blot for glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA as an
internal control. Superinduction of IL-8 mRNA expression was observed when
MTV-stimulated monocytes were treated concomitantly with cycloheximide,
while no superinduction of IL-8 mRNA expression could be found in LPS-
stimulated monocytes.

TABLE 3. Effect of TNF-a on IL-8 generation from
monocytes stimulated by MTVa

Monocytes stimulated with IL-8 produced
(ng/ml)b

None........................................................................................ 1.9 6 0.2*
TNF-a ................................................................................... 14.1 6 0.7**
TNF-a 1 anti-TNF-a ............................................................ 2.1 6 0.2***
MTV...................................................................................... 38.6 6 6.3†
MTV 1 TNF-a .................................................................... 61.2 6 5.6‡
MTV 1 anti-TNF-a ............................................................ 28.9 6 6.7§
MTV 1 TNF-a 1 anti-TNF-a .......................................... 29.4 6 6.5i
MTV 1 control antibody.................................................... 39.16 4.7#
aMonocytes were stimulated for 16 h with or without membrane components

(MTV, 50 mg/ml) in the presence of TNF-a (20 ng/ml) and/or anti-TNF-a (5
mg/ml). Mouse IgG1 (anti-IL-1b, 5 mg/ml) was used as a control antibody.
b Data are expressed as means6 SEs of three separate experiments performed

in duplicate. * versus **, P , 0.001; ** versus ***, P , 0.001; † versus ‡, P ,
0.001; † versus §, P , 0.05; † versus i, P , 0.05; ‡ versus i, P , 0.001; § versus
#, P , 0.05.

TABLE 4. Effect of anti-IL-8 monoclonal antibodies on
neutrophil chemotaxis induced by MTVCM

Chemo-
attractanta

Neutrophil chemotaxis (no. of cells that migrated)
in the presence of b:

Controlc
Monoclonal antibodies (5 mg/ml) against:

IL-8 GM-CSF IL-1b TNF-a

IL-8 (10 nM) 1646 17* 2 6 1** 158 6 13 155 6 11 161 6 15
LTB4 (10 nM) 112 6 10 99 6 5 103 6 11 104 6 9 109 6 9
FMLP (10 nM) 1946 11 201 6 8 199 6 6 187 6 17 204 6 9
CCM 31 6 6† 19 6 6 31 6 4 26 6 5 22 6 5
MTVCM 153 6 6‡ 23 6 3§ 154 6 10 148 6 12 155 6 3

a The CCM and MTVCM used were taken at 16 h of cultivation.
b Data represent means 6 SEs of three separate experiments performed in

duplicate. * versus **, P , 0.001; † versus ‡, P , 0.001; ‡ versus §, P , 0.001.
c Control, in the absence of mouse monoclonal antibodies.
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ponents of membrane fractions in common with P. hominis,
which serve as a novel but not a unique stimulator for IL-8
production by monocytes. Further studies on the nature of the
membrane components are being undertaken.
IL-8 is a novel chemotactic cytokine produced by a variety of

blood and tissue cells. Epithelial cells from different sources
interacting with bacteria have been shown to produce IL-8 (1,
15). In this study, stimulation by T. vaginalis or its membrane
components, however, failed to demonstrate IL-8 production
by human HeLa cervical epithelial cells (data not shown).
There is no doubt that adherence to epithelial cells is charac-
teristic of T. vaginalis (2). Detachment of epithelial cells by T.
vaginalis has been well recognized (17). This could result in
direct contact of monocytes/macrophages in the submucosa
with T. vaginalis, with IL-8 produced in response to such an
interaction. Our study does not exclude the possible role of
neutrophil-derived IL-8 in the inflammatory response elicited
by T. vaginalis but suggests that monocytes may be the crucial
cell source for IL-8 production during T. vaginalis infection.
On the other hand, the fact that antibody directed against IL-8
suppressed neutrophil chemotaxis induced by MTVCM from
153 to 23 cells but not to 0 (Table 4) indicates that IL-8
contributed to the major chemotactic induction but that some
level of non-IL-8-mediated chemotactic activity was present.
It has been shown that phagocytosing or chemotactically

stimulated (e.g., by FMLP and LTB4) neutrophils could ex-
press and release large amounts of IL-8 (6, 7, 22). Moreover,
the combined presence of IL-8 and GM-CSF at inflammatory
foci could result in the synthesis of platelet-activating factor
and LTB4 by neutrophils (23). Therefore, our finding that high
levels of IL-8 and LTB4 were present in vaginal discharges
from patients with symptomatic trichomoniasis (31, 34) raises
the possibility that neutrophils and other cells capable of pro-
ducing LTB4 may induce IL-8 production by inflammatory
neutrophils and thereby amplify the acute inflammatory re-
sponse by recruiting additional neutrophils into an inflamma-
tory site.
Monocytes/macrophages produce IL-8 in response to LPS,

TNF-a, or IL-1b (24, 36, 38). It has been shown that both TNF

and IL-1 contributed to the subsequent response in biphasic
production of IL-8 in LPS-stimulated human whole blood (12).
In this study, we found that MTV-induced IL-8 production did
not appear to be secondary to IL-1b production since a neu-
tralizing monoclonal anti-IL-1b antibody did not block MTV-
induced IL-8 production. On the other hand, the finding that a
neutralizing monoclonal anti-TNF-a antibody reduced IL-8
production by MTV-stimulated monocytes suggests that the
release of IL-8 in MTVCM is partially dependent on TNF-a.
Nevertheless, the observation that MTV can directly induce
the expression of IL-8 from human monocytes in the absence
of de novo protein synthesis suggests that direct induction of
IL-8 in T. vaginalis infection is likely to occur.
The superinduction of IL-8 mRNA from unstimulated and

MTV-stimulated monocytes by coincubation with cyclohexi-
mide is similar to that found in the study of lipoteichoic acid
(35). It has been suggested that repressor proteins are pro-
duced under resting conditions which inhibit mRNA transcrip-
tion (11) or accelerate the rate of mRNA decay (20), and these
proteins may be inducible in the presence of lipoteichoic acid
(35). In contrast, other studies have shown that cycloheximide
is unable to superinduce IL-8 mRNA from LPS- or cadmium-
stimulated monocytes (19, 35). Furthermore, studies on the
mRNA stability revealed that IL-8 mRNA was less stable in
the presence of MTV than in the presence of LPS. Taken
together, these results suggest that MTV activates the tran-
scription of the IL-8 gene through a pathway or mechanism
similar to that activated by lipoteichoic acid rather than that by
LPS or cadmium.
The involvement of IL-8 in disease is suggested by the dem-

onstration of its occurrence in the skin lesions of patients with
psoriasis (29), by the detection of IL-8 in the bronchoalveolar
lavage fluid from patients with adult respiratory distress syn-
drome (8, 25), and by the substantial quantities of cell-associ-
ated IL-8 in specimens from patients with acute staphylococcal
endocarditis (35). The findings that IL-8 is present in vaginal
discharges from patients with symptomatic trichomoniasis (34)
and that the generation of IL-8 in monocytes is stimulated by
MTV add to the list of relationships between IL-8 and dis-
eases. IL-8 is rather resistant to inactivation and slow clearance
compared with other chemoattractants like FMLP, C5a, LTB4,
and platelet-activating factor (10). The capacity of T. vaginalis
to induce IL-8 production by monocytes may have in vivo
relevance. It is therefore conceivable that IL-8 production,
triggered in monocytes directly by trichomonad product or
indirectly via release of another cytokine, may play a crucial
role in the local accumulation of neutrophils to amplify resis-
tance against T. vaginalis.
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